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(54)  - A functiohai combined equipment for a motor vehicle 

(57) - A power distributing mechanism distributes a 
power at a first axis (421) from the engine to a isecond 
axis (422) coupled to a niotor generator (440), and a 
third axis (423) opupled to a compressor (450) for air 
cohditlphing. A clutch mechanism provides the connec- 
tloh/disconnection of the second axis to/from the third 

. axis, apd a lock rnechanism provides the locking and 

unlocking of rotation of the third axis. The control unit 
inhibits switching operations of the clutch mechanism 
and lock mechanisni for a startup transition period of the 
engine and a to-stop transition period of the engine and 
controls the inverterto suppress the operation of the mo- 
tor generator in the generator mode for a startup transi- 
tion period of the compressor and a to-stop transition 
period of the compressor, while the engine is running. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] This invention relates to a functional combined 
equiprnent for a motor vehicle.  •■• ' 

2. Description of the Prior Art 

[0002] To improve a mileage, the idling-stop function 
was provided to nnotor vehicles. In these motor vehicles, 
the compressorfor air conditioning must be stopped oh 
idling because Qf the stop of the engine. Japaneise pat- 
ent application provisional publication No. 2000-229516 
discloses a hybrid air conditioning system, wherein the 
compressor for air COdriven by a rinotpr 
whije the engine stops. Howevei-, this system is compli- 
cated in structure and costly because of the additional 
hnotor. • .  ; ;* . - 

^ [0003]   U.S. Patent Serial No. 5, 896, 750 discloses a 
. prior art device for the air conditioning of a vehicle when 

running and parked. In this device, a motor generator 
as an alternator and a motor and a compressor for the 
air conditioning are driven by the engine through a one- 
way clutch in a free-wheel upon running; When parked, 

:the motor generator is supplied.with drive currents to 
rotate. The power Is transmitted only to the compressor 
because of the function of the one-way clutch. In this 
'device, the length in .the longitudinai direction of the en- 
gine increases because of the existence of the free- 

" wheel.. : " ' - : •' vv-. ' 
[0004] Thus, it is required to provide a device for unit- 
edly coritrolling the air condltipning system and the al- 
ternator with a simjale structure at a low cost without.in- 
crease in the length in the longitudinal direction of the 
engine, 

SUMMARY OF THE INVENTION, 

[0005] The aim of the present invention is to provide 
a superior functional combined equipment for a motor 
vehicle, 
[0006] According to the present Invention, a first as- 
pect of the present invention provides a functional com- 
bined equipment for a motor vehicle having an engine 
comprising: 

a motor generator; 
a compressor for air conditioning; 
a power distributing mechanism for distributing a 
power at a first axis from said engine to a second 
axis coupled to said motor generator,, and a third 
axis coupled to said compressor; 
a clutch mechanism for connection of said second 
axis to said third axis and disconnection of said sec- 
ond axis from said third axis; 
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a lock mechanism for locking and unlocking rotation 
of said third axis; and 
a control unit for controlling power transmissions 
between said ifirst and second axes, between said 
first and third axiss, and between said second and 
third axes with said power distributing mechanism, 
said clutch mechanism, said lock mechanism, and 

:«said Jnverter,...wherein said control unit Inhibits 
switching operations of said clutch mechanism be- 

" tween said connection and said disconnection and 
said lock mechanisnh between locking and unlock- 
ing said rotation of said third axis for a startup trari- 

. sition period of said engine, and a tb-stop transition 
period of said engine. ,   . ' 

[0007] According to the present invention,, a second 
aspect of the present invention provides the.functional 
combined equipment based on the first aispect, wherein 
said control unit includes an Inverter and operates said" 

20   motor generator to supply a torque from said niotdrgen- - 
erator to said compressor using said inverter with un- . 
locking rotation of said third axis with said lock mecha-' 
nism, and with ^ald connection of said second axis to 
said third axis using said clutch mechanism when said 

25   engirie stops, and wherein said control unit locks said . 
third axis with said lock mechanism and disconnects 
said second axis from said third axis when said com- 
pressor is driven by neither of said engine nor said motor- 
generator. * ' 

30 [0008] According to the present invention; a third as- 
pect of the present invention provides the functional 
combined equipment based on the first aspect, wherein 
said control unit includes an Inverter and inhibits said 
compressor from operating by holding said third axis 

35 locked with said lock niechanism and by holding said 
disconnection of said second axis from said third axis 
for said startup transition period of said engine and as 
well as operates said inverterto operate said motorgen- 
erator in said motor mode to drive said engine through 

40 said power distributing mechanism to start up said en- 
gine. 
[0009] According to the present invention, afourth as- 
pect of the present invention provides the functional 
combined equipment based on the first aspect, wherein 
said control unit holds said rotation of said third axis 
locked with said lock mechanism and holds said con- 
nection of said second axis to said third axis with clutch 
mechanism for said to-stop transition period. 
[0010] According to the present invention, a fifth as- 

50 pect of the present invention provides the functional 
combined equipment based on the first aspect, wherein 
said power distributing mechanism comprises a plane- 
tary gear mechanism. 

_[00111   According to the present invention, a sixth as- 
55   pect of the present invention provides the functional 

combined equipment based on the fifth aspect, wherein 
said planetary gear mechanism comprises a carrier con- 
nected to said first axis, a ring gear connected to said 
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second axis, and a sun gear connected to said third axis. 
[0012] According to the present invention, a seventh 
aspect of the present invention provides a functional 
combined equipnnent for a motor vehicle having an en- 
gine comprising: 

a motor generator; 
, an inverter for operating said nnotor generator in 

BRIEF DESCRIPTION OF THE DRAWINGS 

motor and generator motor modes;, 
a compressor for air conditioning; 
a power distributing mechanism for distributing a 
power at a first axis from said engine to a second 
axis coupled to said motor generator, and a third 
axis coupled to said compressor; 

. a clutch mechanism for connection of said second 
.axis to said third axis and disconnectionof said sec- 
ond axis from said third axis; 
a lock mechanism for locking and unlocking rotation 
of said third axis; and 
a control unit for controlling power transmissions 
between said first and second axes, between said 
first and third axes, and between said second and 
third axes with said power distributing mechanism, 
said clutch mechanism, said lock mechanlsiri, and 

^ said inverter, wherein said control unit controls said 
■ -  inverter to suppress the operation of said motor 

generator in said generator mode for a startup tran- 
. sition period of said compressor and a to-stop tran- 

sition period of said compressor, while said engine 
runs. • 

[0013] According to the present invention, an eighth 
jaspect of the present invention provides the functional 
combined equipment based on the seventh aspect, 
-wherein said control unit operates said motor generator 
;to supply a torque from said motor generator to said 
compressor using said inverter with the unlocking said 
rotation of said third axis using said lock mechanism, 
and with said connection of said second axis to said third 
axis using said clutch mechanism when said engine 
istops, and wherein said control unit locks said third axis 
with said lock mechanism and disconnects said second 
axis with said clutch mechanism from said third axis 
when said.compressor Is driven by neither of said en- 
gine nor said motor generator. 
[0014] According to the present invention, a ninth as- 
pect of the present invention provides the functional 
combined equipment based on the seventh aspect, 
wherein said power distributing mechanism comprises 
a planetary gear mechanism. 
[0015] According to the present invention, a tenth as- 
pect of the present invention provides the functional 
combined equipment based on the ninth aspect, where- 
in said planetary gear mechanism comprises a carrier 
connected to said first axis, a ring gear connected to 
said second axis, and a sun gear connected to said third 
axis. 

[0016]   The object and features of the present inven- 
tion will become more readily apparent from the foliow- 

5   ing detailed description taken In conjunction with the ac- 
companying drawings in which:     . . 

*,Fig. ..t is a block .diagram of a system for a motor 
vehicle according to this Invention; 
Fig. 2 shows a table of operation conditions fn re- 
spective modes according to this invention; . 
Fig. 3 depicts a flow chart of the operiation In the 
system according to this invention; 
Fig. 4 depicts a flow chart of the usual mode sub- 
routine shown in Fig. 3; ■ * 
Fig. 5 shows a flow chart of the starter mode sub- 
routine shown in' Fig..3;                   - - 

. Fig. 6 shows a flow chart of the stop mode subrou- 
tine shown in Fig. 3; and r'-^]- / 
Fig. 7 shows the electric-powered air conditioning 
mode subroutines shown in Fig. 3.     ;    :'. ;     '' 

10 
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[0017]   The same or corresponding elements or parts 
:   are designated with like references thrdugfhout the 

25   drawings. . \ - 

DETAILED DESCRIPTION OF THE INVENTION v 

[0018] . Fig. 11s ablock diagram of a system fbra motor 
30  vehicle according to this invention. 

.STRUCTURE • 

[0019] The system Includes a functional combined 
35 equipment 4 mechanically coupled to a crank pulley 12 

•of the intemal combustion engine 10, a three-phase in- 
verter 5 for supplying an electric power to and receiving 
an electric power from the motor generator 440, a con- 
trol unit 7 for controlling the functional combined equlp- 

40 ment 4 and the inverter 5, (secondary) batteries 6, arid 
an electrical load 8 supplied with the power from the bat- 
teries 6. 
[0020] Thefunctionalcombined equipment 4 includes 
an Input pulley 41 Occupied to the crank pulley 12 of the 

45 internal combustion engine 10 with a belts, a planetary 
gear mechanism {power distributing mechanism) 420 
having a first axis 421 connected to the input pulley 410, 
a second axis 422, a third axis 423, a ring gear 424, a 
carrier 425, and a sun gear 426 for distributing a torque 

so at the first axis 421 to the second axis 422 and to the 
third axis, the air compressor 450 coupled to the third 
axis 423, a motor generator 440 coupled to the second 
axis 422, a clutch 430 for connecting and disconnecting 
the second axis 422 to/from the third axis 423, and a 

S5 lock mechanism 460 for locking and unlocking the rota- 
tion of the third axis 423. 
[0021] In the planetary gear mechanism 420, the ring 
gear 424 Is coupled to the second axis 422 which is cou- 
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pled to a rotor 441 of the motor generator 440. The car- 
rier 425 comprises a circular member having an axis.. ■ 
coupled to the input pulley 410 through the first axis 421, 
rotating around the sun gear 426, and rotatably support- 
ing a plurality of planet pinion gears (not shown). The s 
sun gear 426 Is coupled to the third axis 423 which Is 
connected to a rotation axis of the compressor 450 for 
lh©.air,condjtior^^ 
to the second axis 422 through the clutch 430. That is, 
the third axis 423 is selectively coupled to the second io 
axis 422 through theclutch 430. Moreover, the third axis 
423 can be locked by the lock mechanism 460. That is, 
the third axis 423 is selectively locked by the lock mech- 
anism 460. The clutch 430 comprises an electromag- 
netic clutch driven by a solenoid for example. The lock is 
mechanism 460 comprises an electromagnetic brake or 
a hydraulic brake. The clutch 430 may be integrated with . 
the [ock mechanism 460, Mofepyer, the clutch 430, the 
lock niechanism 460, and the planetary gear mecha- 
nism 420 may be Integrated. Further, the housing of the .20 
planetary gear mechanism 420 may be integrated with 
the housing of the motor generator 440. 
[0022]   The sun gear 426.ahd the ring gear 424 are in 
gear with the planet pinion gears. The planet pjnion 
gears are rotatably supported by the carrier 425. The 25 
carrier 425 revolves around the sun gear 426. 
[0023]  -As mentioned above; the planetary gear mech- 
anism 420 distributes a power (torque) at the first axis 
421^ to the second axis 422 and to the third axis 423. 

" Here, If the third axis 423 is locked by the locking mech- 3o 
anism 460 and the dutch is released (disconnected) be- 
cause of stop of the compressor 450, substantially all 
power (torque) at the first axis 421 is transmitted to the 
secorid axis 422. 
[Od?4] ; Since the plainetary gear mechanism 420 is   35 . 
well known,"the detailed description Is omitted. —' 
[0025] The motor generator 440 comprises a perma- 
nent magnet type of synchronous motor generator. 

/More specifically, the motor generator 440 has the rotor 
441 having permanent magnet poles and a stater facing 40 

' the rotor 441. The stator has stator coils 442 supplied 
with three-phase currents generated by the inverter5 in 
accordance with the position of the rotor 441 In a motor 
.mode; In a generator mode, the inverters effects switch-. 
Ing to convert three phase cun-ents from the motor gen- 4s 
erator driven by the Internal combustion engine 10 Into 
a dc current supplied to the batteries 6 and the electrical 
load 8. Regarding the motor generator440, another type 
of motor with generation function or a generator with the 
motor function can be used. so 
[0026] The planetary gear mechanism 420 can be 
controlled by the clutch 430. That is, the operation of the 
clutch 430 can select either of the operation that the sec- 
ond axis 422 and the third axis 423 are rotated together 
atthe same rotation speed orthe operation thatthey are 55 
independently roteted. 
[0027]   The compressor 450 for air conditioning is 
well-known. Thus, the detailed description Is omitted. 

[0028] The control unit 7 has a starter mode, an elec- 
tric-powered air conditioning mode, a usual mode 1 . and 
a usual mode.2 and selects one of these modes in ac- 
cordance with infonnation from an internal combustion 
engine control unit (riot shown) and an air conditioning 
control, unit (not shown) to control the inverter 5, the 
clutch 430, and the lock mechanism 460 in the selected 

^ode,   
[0029] In the starter mode, the motor generator 440 
starts up the internal combustion engine 10. The elec- 
tric-powered air conditioning mode indicates that the 
motor generator 440 drives the compressor 450 (sup- 
plies a torque from the motor generator 440 to the com- 
pressor 450). In the usual mode 1, the engine 10 drives 
the motor generator440 and thecompressor450. In the 
usual mode 2 indicates that the engirie 10 drives the mo- 
tor generator 440, but does not drive the compressor 
450.: _ J _ i ,V.. • 
[0030] In the usual mode 1 and the usual mode 2, It 
is possible to withdraw energy from the traveling inertia 
by the motor generator 440 arid the compressor 45t0or 
only by the motor generat9r 440 when slowdown. More- 
over, the torque assistance is possible by driving the mo- 
tor generator 440 oh the accelerating in the usual mode 
1 and usual rnpde 2. Further,, in this condition if the com- 
pressor 450 is being operated, stopping the compressor 
450 increases the iacceleration. 

OPERATION V': : 

[0031] Fig. 2 shows a table of operation conditions in 
respective modes. 

STARTER MODE 

[0032] When the engine 10 is started up from the 
idling stop condition, the system enters the starter 
mode. In the starter mode, the iock mechanism 430 is 
operated to lock the third axis 423. 
[0033] This inhibits the third axis 423 and the sun gear 
426 from rotating, so that the rotation axis of the motor 
generator 440 is mechanically coupled to the input pul- 
ley 440 through the ring gear 424, the planet pinion 
gears, and the carrier 425. In this condition, the control 

, unit 7 operates the inverter 5 in the motor mode to drive 
the motor generator 440 to give the enginel 0 a startup 
torque, so that the engine 10 .starts up. Because the ro- 
tation speed of the camer 425 is lower than that of the 
ring gear 424, the torque generated by the motor gen- 
erator 440 Is enhanced to give the engine 10 a larger 
startup torque. 

USUAL MODE 2 . 

[0034] The usual mode 2 provides electric powergen- 
eration by the motor generator 440 driven by the engine 
10. In this mode, the,control unit 7 releases the clutch 
430 and locks the third axis 423 with the lock mechanism 
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460 arid controls the inverter 5 to generate an electric 
power More specifically, the Inverter 5 effects switching 
and rectifying operations to supply a dc current to the 
batteries 6 and to various electric loads 8 In the motor 
vehicle. In this connection condition, it is also possible 
to provide torque assistance by driving the motor gen- 
erator 440 with the electric power from the batteries 6. 

ELECTRIC-POWERED AIR CONDITIONING MODE 

[0035] This mode provides operation of the compres- 
sor 450 during stopping the engine 10. In this mode, the 
control unit 7 connects the second axis 422 to the third 
axis 423 with the clutch mechanism 430 and releases 
(unlocks)-the lock mechanism 460, and operates the 
rhotor generator 440 in the motor mode. This stops the 

. first axis 421 of the planetary gear mechanism' 420 due 
to frict[on in the engine 10. Thus, the torque generated 
by the motor generator 440 is transmitted to the do 
pressor 450 through the planetary gear hiechanisrfi 420 
via the ring gear 424, the planet pinion gears, the sun 
gear 426, and the third axis 423 and as well as through 
the clutch mechanism 430. In this condition, the inverter 
6 supplies the three phase currents to the nriotor gener^ 

Jator 440 to obtain a necessary torque for rotation of the 
compressor 450 at a desired rotation speed. 

USUAL MODE 1 / , . ^ ;f 

[003iS] While the engine 10 runs, the motor generator 
440 generates an electric power as mentioned above, 

■If it is required to further operate the compressor 450, • 
the control unit 7 makes the clutch 430 in a connection 
condition and releases the lock mechanism 460. This 
equalizes the rotation speed of the first axis 421 to that 

;,of the third axis In the planetary gear mechanism 420./ 
Thus, the engine 10 rotatesthemotorgenerator440and 
the compressor 450 at the same rotation speed. Here, 
it is also possible to provide the torque assistance by 
driving the nriotor generator 440 with electric power from 

•the batteries 6. . -    . . 
[0037]   Fig. 3 depicts a flow chart of the operation in 
the system (a flow chart of the main routine). 
[0038]   Turning on of the ignition switch starts this oja- 
eratlon (step 1000). A microprocessor 7a in the control 
unit 7 initializes necessary portions therein In step 1001 ' 
and checks whether the engine 10 is stopping in step 
1002. If NO in step 1002, processing proceeds to step 
1006. If the engine 10 is stopping, the microprocessor 
7a checks whether there is a request for finishing the 
idling-stop operation, that is, a request for the startup of 
the engine 10 in step 1003. If YES in step 1003, process- 
ing proceeds to a starter mode isubroutine 1004. After 

. the starter nriode subroutine 1004, processing proceeds.. 
to a usual mode subroutine 1005 and advances to step 
1010. 
[0039] . If NO in step 1003, processing proceeds to 
step 1008. 

[0040] In step 1002, if the engine 10 is not stopping, 
the microprocessor 7a checks whether there is a re- 
quest for engine stop in step 1006. If NO, processing 
proceeds to step. 1005. If YES, the microprocessor 7a 

5   executes a stop made subroutine 1007. 
[0041] Afterthe stop subroutine 1007 and if NO in step 
1003, the microprocessor 7a judges whether there is a 

^ .request for driving the compressor 450 on the basis of 
asignalfrom an air conditioning control unit (not shown) 

^0   in step 1008. If NO in step 1008, processing proceeds 
to step 1010. If YES in step 1008, the microprocessor 
7a executes an electric-powered air conditioning sub- 

. routine 1009. Next, processing proceeds to step 1010. 
In step 1010, the microprocessor 7achecks whetherthe 

IS   ignition switch is turned off. If OFF, processing ends. If 
' ON, processing returns to step 1002. 

USUAL MODE SUBROUTINE - 

20   [0042]   Fig. 4 depicts a flow chart of the usual mode 
. subroutine 1005 includes operations of the usual mode 
.1 and usual mode 2. 

.   [0043] , In step 1101, the microprocessor 7a adjusts 
the torque for the nnotor generator 440 on the basis of 

25   conditions of the batteries 6 and the electric loads 8 in 
,. the motor vehicle through the engine control unit. Instep 

1102, the microprocessor 7a checks whether the com- 
pressor 450 is driven by the engine 10. If NO, the mi-' 

•croprocessor 7a checks whether there is a request for 
30 ' clrivingthecompressor450instep 1103. If NO, process- 

- ^ ing returns to the main routine shown in Fig. 3. If YES 
. in step 1103, the ririicroprocesser 7a inhibits the motor 

; ^ generator 440 froni generating an electric power in step 
;    1104, and-releases the lock mechanism 460 in step 

35   1105. Next, the microprocessor 7a connects the clutch 
430 in step 1106 and permits the motor generator 440 
to generate an electric power in step 1107, and process- 
ing returns to the main routine. 
[0044] - jn step 1102, if the compressor 450 is operat- 

40   ing, the microprocessor 7a checks whether there is a 
-^^  request fpr driving the compressor In step 1108. IfYES, 

processing returns to the main routine in Fig. 3. If NO 
(air conditioning stop request), the microprocessor 7a 

■   inhibits the motor generator.440 from generating an 
.45   electric power in step 1109, releases the clutch 430 in 

step 1110, and locks the third axis 423 with the lock 
'. mechanism 460 in step 1111. Next, the microprocessor 

7a permits the rhotor generator 440to generate an elec- ' 
. trie power in step 1112, and then processing returns to 

50  the main routine. 
[0045]   As mentioned above, inhibiting the motor gen- 
erator 440. from generating an electric power for the 

^ switching period of the lock mechanism 460 between 
..   Jockingand unlocking andfbrthe switching period of the 
55  clutch 430 between connection and disconnection pro- 

vides smooth switching in the lock mechanism 460 and 
the clutch 430. Moreover, suppressing the operation of 
the motor generator 440 (inhibiting operation or reduc- 
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ing the efficiency) may be done instead inliiblting the op- 
eration of the motor generator440. More specifically, the.. 
control unit 7 controls voltage vectors supplied to the 
motor generator 442 so as to decrease the quantity of 
the generated power. 

STARTER MODE 

[0046] Fig. 5 shows operations in the starter mode 
subroutine 1004. 
[0047] In step 1201, the microprocessor 7a checks 
whether the compressor 450 is driven by the motor gen- 
erator 440. If NO, the microprocessor 7a resets the flag 
fac indicating that the compressor 450' is operating in 
step 1202. In step 1203* the microprocessor 7a judges 
whether there is a request for driving the compressor 
450 on the basis of the signals frohn the air conditioner' 
control unit. If YES in step 1203, the nriicroprocessor 7a , 
sets the flag fac in step 1204. If NO, processing pro- 
ceeds to step 1208 with bypassing step 1204. 
[0048] In step 1201, if the compressor 450 is operat- 
ing, the microprocessor 7a sets the flag fac to "1" in step 
1205 and executes air condition operation inhibition bp- 
eration in step 1206. Then, the microprocessor 7a waits 
for that the rotation speed of the motor generator 440 
becomes zero in step 1207. When stop of the rotation 

; of the motor generator 440 is confirmed and after steps 
1203 and 1204, the microprocessor 7a locks the third 
.axis 423 with the lock mechanism 460 to stop the rota- 
tion of the third axis 423 of the planetary gear mecha- 
nism 420 in step 1208. Next, the microprocessor 7a in-. 
hibits the switching operations of the clutch mechanism. 
430 and the lock mechanism 460 In step 1220. 
[0049]   Next, the microprocessor 7a operates the rrio- 

:: tor generator 440 in the motor mode to start up the en- 
gine in step 1209 until the rotation speed of the engine . 
10 exceeds a predetermined value in step 1210. Next, 
the microprocessor 7a permits the engine control unit 
(not shown) to supply fuel and to control the ignition, if 
necessary, in step 1211. Next, the microprocessor 7a 
waits until the engine becomes a perfect combustion 
condition, that is, until the rotation speed reaches the 
rotation maintainable speed in step 1212. Next, the mi- 
croprocessor 7a pemnits the switching operations of the 
clutch mechanism 430 and the lock mechanism 460 In 
step 1221. Next, the microprocessor 7a checks the flag 
fac in step 1213. If the fiag fac is zero, because this 
means that it is unnecessary to drive the compressor 
450, the microprocessor 7a releases the clutch mecha- 
nism 430 in step 1214, and processing proceeds to step 
1218. Here, the lock mechanism 460 was made in the 
lock condition in step 1208, so that the transition to the 
usual mode 2 shown in Figs. 2 and 3 has been prepared. 
[0050] In step 1213, if the flag fac is "1because this, 
means that it is necessary to drive the compressor 450, 
the microprocessor 7a releases the lock mechanism 
460 in step 1216 and makes the clutch 430 in the con- 
nection condition to drive the compressor 450 in step 

1217,-and processing proceeds to step 1218. Thus, the 
transition to the usual mode 1 shown in Fig. 2 has been 
prepared. In step 1218, the microprocessor 7a controls 
the motor generatpr440 (inverters) to generate the nec- 

5   essary electric power. 
[0051 ]. In the subroutine 1004 shown in Fig, 5, the op- 
eration condition of the compressor 450 after startup of 

 ^the engine„10.was.detemriined.in accordance with the 
operation condition of the compressor 450 just before 

10 startup of the engine 10 caused by the finish of the idling 
stop. However, it is also possible to immediately inhibit 
the compressor 450 from, operating for the engine star- 
tup period caused by the finish of the idling stop. Then, 
after startup of the engine 10, the microprocessor 7a 

15  checks the necessity of driving the compressor.450 
again to determine whether the compressor 450 should 

; be operated on the basis of the checking result.. 
[0052]   The above-mentioned operations can reduce 
vibrations and sound noise because this eliminates 

20 switching the operation conditions of the lock mecha- 
. nism 460 and the clutch 430 is inhibited for the startup 

.  transition period of the engine 10 (steps 1209 to 1212). 

25 
STOP MODE 

[0053] Fig. 6 shows the stop mode subroutine 1007. 
. ^   [0054]   In step 1301 ,^the microprocessor 7a checks 

whether the compressor 450 is being operated by the 
motor generator440. If NO, in step 1301, the microproc- 

[30 essor 7a resets the flag fac indicating that the compres- 
.   sor 450 is ope~rating in step 1303 and then, judges 

whether there is a request for driving the compressor 
450 on the basis of the signal from the air conditioning 

; controrunit(notshown) instep1304. IfYES, themicro- 
• 35  processor 7a sets the flag fac to" 1" in step 1305. If NO, 

processing proceeds to istep 1306 with bypassing step 
1305. 
[0055] ^In step 1301, if the compressor 450 is operat- 
ing, the microprocessor 7a sets the flag fac to "1" in step 

40 1302, releases the lock mechanism in step 1306, and 
makes the clutch 430 in the connection condition in step 
1307. Next, the microprocessor 7a inhibits the switching 
operatioris of the clutch mechanism 430 and the lock 
mechanism 460 In step 1320. 

45 [0056] Next, the microprocessor 7a commands the 
engine control unit (not shown) to stop supplying fuel in 
step 1308 to stop the engine 10. 
[0057] Next, the microprocessor 7a controls the motor 
generator 440 to generate regenerative braking torque 

50 In step 1309 until the engine 10 stops in step 1310. If 
the engine 10 stops in step 1310, the microprocessor 
7a controls the inverter 5 to stop generating the regen- 
erative braking torque in step 1311. Next, the microproc- 

 essor 7a permits the switching operations of the clutch. 
55 mechanism 430 and the lock mechanism 460 in step 

1321. 
[0058] Next, the microprocessor 7a checks the flag 
fac in step 1312. If the flag fac is "1the microprocessor 
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7a judges that there is a request for driving the compres- 
sor 450. Then, processing proceeds to the electric-pow- 
ered air conditioning mode in step 1313. If the flag fac 
Is "0". processing returns to the main routine with by- 
passing step 1313. 
[0059]   Here: in the stop mode shown in Fig. 6, it is 
also possible to stop the operation of the motor gener- 

_ator_440.bef.Qr^e.step_13Q6 _  
[0060] As mentioned above, because the engine 10 
is braked by the load torque of the compressor 450 and 
the generation torque of the motor generator 440, the 
engine 10 stops Immediately. Moreover, because 
switching the lock mechanism 460 and the clutch 430 is 
ihhibjted for the to-stop transition period of the engine 
10 (steps 1320 to 1321), vibration and sound noise can 
be reduced. 

■J-ELECTRIC-POVyEREp Al^ MODE. . . 

[0061] Fig. 7 shows the electric-powered air condi- 
; tioning mode subroutines 1009 and 1313. 

[0062]   At first, the microprocessor 7a releases the 
lock mechanism 460.in step 1401 and makes the clutch 

• .430 In the connection condition in step 1402. Thus, the 
motor generator 440 can drive the compressor 450. 
Then, the microprocessor 7a controls the torque of the 
rnptor generator 440 to equalize the rotation speed of 

? the compressor 450 to the rotation speed determined 
ph the basis of the request from the air conditioning con-. 

. ; -trol unit in step 1403. 

:   MODIFICAtlpfsiS - 

! [0063] In this embodiment, the planetary gear mech- 
: ;anism 420 is used as the torque distribution mechanism. 

However, a differential gear mechanism can provides 
the above-motioned operations. IVloreover, the plane- 
tary gear mechanism 420 may be of ravineaus type. 

■Moreover, the clutch 430 may make connections be- 
tween either of two axes out of the first to third axes. 
.[0064] As mentioned above, the control unit7controls 
jDOwer transmissions between the first axis 421 and the 
second axis 422, between the first axis 421 and the third 
axis 423, and between the second axis 422 and the third 
axis 423 with the planetary gear mechanism 420, the 
clutch mechanism 430, the lock mechanism 460, and 
the inverter 5. 
[0065] Moreover, the control unit 7 inhibits switching 
operations of the clutch mechanism 430 between the 

- connection and the disconnection and the lock mecha- 
. nism 460 between the locking and the unlocking for a 
startup transition period of the engine 10 (steps 
1220-1221) and a to-stop transition period of the engine 
10 (steps 1321-1321). \n other words, the control unit 7^ 
holds the just before conditions of the clutch mechanism 
430 and the lock mechanism 460 for the startup transi- 
tion period of the engine and the to-stop transition period 
oif the engine 10. 

[0066] More specifically, the control unit 7 inhibits the 
compressor 450 from operating by holding (keeping) the 
locking of said third axis 423 with the lock mechanism 
460 and by hpldlpg (keeping) the disconnection of the 

. 5 second axis 422 from the third axis 423 for the startup 
transition period of the engine 10 and as well as oper- 
ates the inverter 5 to operate the motor generator 440 

 ^,Jn said motor mode to drive the engine through the plan- 
etary gear mechanism 420 to start up the engine 10. 

^0 This is because if the switching operations of the clutch 
mechanism 430 between the connection and the dis- 
connection and the lock mechanism 460 between the 
locking and the unlocking are made forthe startup tran- 
sition period of the engine 10 and the to-stop transition 

15 .period of the engine 10, the magnitudes of vibrations 
and sound noise to the persons in the room of the motor 
•vehicle increase because the ratio of the rotation speeds 
of respective axes in the functional combined equ ipment 
rapidly vary. 

20 [0067] Moreover, the control unit 7 inhibits the inverter 
5 from operating the motor generator 440 or sup presses 
the generation operation of the motor generator 440 In 
the generator mode (the motor mode on the torque as- 
sistance) for a startup transition period of the compres- 

25 'sor450and a to-stop transition period of the compressor 
450, while the engine 10 is running. This makes the var- 
iation in the rotation speed of the second axis 422 very 
easy while the conditions of the clutch mechanism 430 
and the lock mechanism 460 are switched, so that 

30 torque distribution among respective axes in the power 
distribution mechanism can be smoothly varied. Accord- 
ingly, vibrations and sound noise can be reduced. Here, 
suppression of the.operation of the motor generator 440 
(Inverter 5) may be gradually done on the regenerative 

35 operation and the torque assistance operation. Sup- 
pression of the generation operation is provided by stop- 
ping the generation operation or reducing the degree of 
the generation operation. 

40 

45 

so 

55 

Claims 

1.   A functional combined equipment for a motor vehi- 
cle having an engine comprising: 

a motor generator; 
a compressor for air conditioning; 
a power distributing mechanism for distributing 
a power at a first axis from said engine to a sec- 
ond axis coupled to said motor generator, and 
a third axis coupled to said compressor; 
a clutch mechanism for connection of said sec- 
ond axis to said third axis and disconnection of 
said second axis from said third axis; 
a lock mechanism for locking and unlocking ro- 
tation of said third axis; and 
a control unit for controlling power transmis- 
sions between said first and second axes, be- 
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tween sard first and third axes, and between an inverter for operating said motor generator 
said second and third axes with said power dis-..* • • •         in motor and generator modes; 
tributing mechanism, said clutch mechanism, a compressor for air conditioning; 
said lock, mechanism, and said inverter, where-' . a poweirdistributing mechanism.for distributing 
In said control unit inhibits switching operations   5 a power at arf Irst axis from said engine to a sec- 
of said clutch mechanism between said con- . ond axis coupled to said motor generator, and 
nection and said disconnection and said lock a third axis coupled to said compressor; 
mechanism between locking and unlocking              „ .a clutch mechanism for connection of said sec- 
said rotation of said third axis for a startup tran- - ond axis to said third axis and disconnection of 
sition period of said engine and a to-stop tran- - io .    . • said second axis from said third axis; 
sition period of said engine. a lock mechanism for locking and unlocking ro- 

tation of said third axis; and 
2.   The functional combined equipment as claimed in a control unit for controlling power transmis- 

clalm 1, wherein said control unit includes an invert- slons between said first and second axes, be- 
er and operates said motor generator to supply a   *5 ,  tween said first and third axes, and between 
torque from said motor generator to said compres-^ said second and third axes with said power dls- 

;     sor using said inverter with unlocking rotation, of     ; • tributing mechanism, said clutch mechanism, 
, .said third axis with said lock mechanism, and with .        said lock mechanism, and said inverter where- 
Vsaidconnectionofsaidsecondaxisto said thkd axis in said control unit controls said in verier to sup- 

.   V using said clutch mechanism when said engine- 20 . press operation of said motor generator in said 
\ .s^^ generator mode for a startup transition period 

-   axis with said lock mechanism and disconnects said -     \  of said compressor and a to-stop transition pe- 
/  :second axis from said third axis when said com- . . riod of said compressor, while said engine runs. 
: v pressor lis driven by neither of said engine nor isald - 

rVn^tiot^^^                                             •.               25 .8,. • Jhe functional combined equipment as claimed In 
. >V    ^ ^.'                              . '    - ' claim 7, wherein said control unit operates said mo- 
3^ ,;?:,The^^^^             combined equipment as claimed in        ' '  tor,generator to supply a torque from said motor 

vCclaim                                                             - . " generator to said compressor using said inverter 
; • ■ • er and Inhibits said compressor from operating by with unlocking said rotation of said third axis using 
V-,^-iholdihg said third axis locked with said lock mech- / 50 said lock mechanism, and with said connection of 

•^'^K?^ and by holding said disconnection of said    . ' said second axis to said third axis using said clutch 
second axisfrom said third axis for said startup tran- / '   mechanism when said engine stops, and wherein 
sition period of said engine and as well as operates . said control unit locks said third axis with said lock 

- said inverterto operate said motor generator In sajd     " . ..mechanism and disconnects said second axis with 
• m^                                                                   - - *:isald d      mechanism from said third axis when 
.. distributing mechanism to start up said engine.      ^ . 'said compressor is driven by neither of said engine 

nor said motor generator. 
4. The functional combined equipment as claimed in   . - 

plaim 1, wherein said control unit holds said rotation        9.   The functional combined equipment as claimed In 
of said third axis locked with said lock mechanism   40 claim 7, wherein said power distributing mechanism 
and holds said connection of said second axis to corhprlses a planetary gear mechanism, 
said third axis with clutch mechanism for said to- > 
stop transition period. 10. The functional combined equipment as claimed In 

claim 9, wherein said planetary gear mechanism 
5. The functional combined equipment as claimed In   4s comprises a carrier connected to said first axis, a 

claim 1, wherein said power distributing mechanism ring gear connected to said second axis, and a sun 
.   comprises a planetary gear mechanism. . gear connected to said third axis. 

(5.   The functional combined equipment as claimed in 
claim 5, wherein said planetary gear mechianism so 
comprises a carrier connected to said first axis, a 
ring gear connected to said second axis, and a sun 

:   gear connected to said third axis. ■ 

7.   A functional combined equipment for a motor vehl- ss 
cle having an engine comprising: 

a motor generator; 

8 
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